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A GAMMA-RAY TESTING TECHNIQUE FOR SPACECRAFT 
B.S. Gribov, N . N .  Repin,  V.A. Sakovich and V.M. Sakharov 
I n  a number o f  p r a c t i c a l  problems it  i s  i m p o r t a n t  t o  know /a* 
t o  what d e g r e e  cosmic r a d i a t i o n ,  for example,  p r o t o n s  o f  s o l a r  
f l a res  and r a d i a t i o n  bands of E a r t h ,  weaken equipment and 
s t r u c t u r e s  o f  s p a c e c r a f t .  T h i s  i n v o l v e s  i n t e r p r e t a t i o n  of t h e  
r e a d i n g s  o f  cosmic r a d i a t i o n  d e t e c t o r s  and t h e  r e s u l t s  o f  
r a d i o b i o l o g i c a l  expe r imen t s  i n  space ,  c a l c u l a t i o n  o f  t h e  p r o t e c -  
t t o n  of equipment and r a d i a t i o n - s e n s i t i v e  materials [1--31. For  
s o l v i n g  these  problems,  i t  i s  necessa ry  t o  have t h e  d i s t r i b u t i o n  
o f  s o l i d  a n g l e s  r e l a t i v e  t o  a g iven  p o i n t  i n s i d e  t h e  a p p a r a t u s  
a c c o r d i n g  t o  t h e  t h i c k n e s s  of t h e  material of t h e  equipment d f i / d s  
[ 4 I .  
d i s t r i b u t i o n  o f  t h e  mass of t h e  s p a c e c r a f t  c5, 6 1 ,  and e x p e r i -  
m e n t a l l y  by a method o f  gamma-ray t e s t i n g  i n  c o n j u n c t i o n  w i t h  
a n  EVM [E lek t ronnaya  v y c h i s l i t e l ' n a y a  mashina,  e l e c t r o n i c  com- 
p u t e r ]  [TI. T h i s  work e l u c i d a t e s  t h e  p r i n c i p l e  of t h e  e f f e c t  o f  
theset-upbased on gamma-ray t e s t i n g  and t h e  method o f  measure- 
ment u s i n g  d i s t r i b u t i o n  o f  t h e  t h i c k n e s s  o f  t h e  equipment of t h e  
s p a c e c r a f t  w i t h  d imens ions  less than  5 m and t h i c k n e s s  less  
t h a n  50 g/cm2 ( F i g u r e  1). 
s a g e  of  p r o t o n s  th rough  a s u b s t a n c e  as a r e s u l t  o f  gamma-ray 
t e s t i n g  i s  e x p l a i n e d  by t h e  f a c t  t ha t  for a s u b s t a n c e  w i t h  a n  
a tomic  number 2 c 30 ( b a s i c  d e s i g n  materials o f  t h e  s p a c e c r a f t  
C41)  weakening of gamma r a d i a t i o n  w i t h  energy  0.5-1.5 MeV and 
l o s s  o f  energy  by t h e  p r o t o n s  h a r d l y  depends a t  a l l  on 2 and i s  
de te rmined  on ly  by t h e  d e n s i t y  of t h e  e l e c t r o n s  on t h e  r a d i a t i o n  
p a t h  c4, 81. De te rmina t ion  o f  t h e  t h i c k n e s s  o f  t h e  equipment i s  
The d i s t r i b u t i o n  o f  dn/d6 i s  o b t a i n e d  b o t h  f o r  t h e  d e s i g n  
The p o s s i b i l i t y  o f  c a l c u l a t i n g  pas- 
"Numbers i n  t h e  margin i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  
1 
based on a comparison o f  t h e  i n t e n s i t y  
o f  gamma r a d i a t i o n ' p a s s i n g  through 
t h e  equipment and t h e  i n t e n s i t y  wi th-  
o u t  i t .  The p r i n c i p l e  o f  t h e  e f f e c t  
of t h e  se t -up  i n v o l v e s  t h e  f a c t  
t h a t  an i s o L r o p i c  gamma s o u r c e  i s  l o c a t e d  
a t  a g iven  p o i n t  w i t h i n  t h e  equip-  
ment and r e c o r d i n g  of  u n s c a t t e r e d  
r a d i a t i o n  i s  conducted  by a c o l l i m a t e d  
s c i n t i l l a t i o n  d e t e c t o r  moving o u t s i d e  
t h e  o b j e c t  of t h e  c o o r d i n a t e  s y s t e m  
a l o n g  a s p h e r i c a l  s u r f a c e  w i t h  t h e  
c e n t e r  a t  a g i v e n  p o i n t .  
During c o n t i n u o u s  s h i f t i n g  o f  t h e  
d e t e c t o r  a l o n g  t h e  a z i m u t h a l  a n g l e  $ 
( i n  p r e s c r i b e d  l i m i t s  from $11 t o  $2) 
t h e  number o f  p u l s e s  of  t h e  d e t e c t o r  
i s  measured p e r i o d i c a l l y  f o r  a f i x e d  
t ime  A T .  The p e r i o d i c i t y  o f  such  
F i g u r e  1. O v e r a l l  view u n i t s  o f  measurement are p r e s c r i b e d  
o f  t h e  se t -up  f o r  
gamma-ray t e s t i n g .  s o  that  f o r  t h e  c o r r e s p o n d i n g  t i m e  
i n t e r v a l  A b ,  t h e  d e t e c t o r  was s h i f t e d  
f o r  a n  a n g u l a r  measure of  square-wave c o l l i m a t o r  A $  r e l a t i v e  
t o  t h e  p o l a r  axis. Then, t h e  c o n d i t i o n  A T  << At i s  observed .  
When t h e  d e t e c t o r  r e a c h e s  t h e  p o s i t i o n  $ 1  o r  4 2 ,  t h e  measure- 
ments are s topped  and s h i f t i n g  of  t h e  d e t e c t o r  o c c u r s  a l o n g  t h e  
p o l a r  a n g l e  on t h e  a n g l e d  measurement o f  t h e  c o l l i m a t o r  AO; 
a f t e r  t h i s ,  t h e  c y c l e  of  measurement i s  c o n t i n u e d  w i t h  movement 
a l o n g  t h e  $I a n g l e  i n  t h e  o p p o s i t e  d i r e c t i o n .  The change i n  s i z e  
of A $  a c c o r d i n g  t o  t h e  p r i n c i p l e  A $  = A$Io/sin 8 which i n  t h e  
s e t - u p  o c c u r s  a u t o m a t i c a l l y ,  makes it  p o s s i b l e  t o  r e c o r d  
t h e  r e s u l t s  of s i n g l e  measurements on s e c t i o n s  of  t h e  s u r f a c e  
o f  t h e  equipment l y i n g  n e x t  t o  each o t h e r  and which s e c u r e  
u n i f o r m  s o l i d  a n g l e s  Aa = A $ g - A O ,  where A $ g  = A $  when 8 = 90 ' .  
2 
D i s t r i b u t i o n  of t h e  number o f  s i n g l e  measurements a c c o r d i n g  t o  
t h e  number of p u l s e s  i n  t h e  measurements i s  t r ans fo rmed  i n t o  
d i s t r i b u t i o n  of  s o l i d  a n g l e s a c c o r d i n g  t o  t h i c k n e s s  on t h e  basis 
of  g r a d u a t i o n s  of  t h e  d e t e c t o r  f o r  s t a n d a r d s  o f  t h i c k n e s s .  
The  method o r  measurement and t h e  r e q u i r e d  p r e c i s i o n  a re  
de te rmined  by u t i l i z a t i o n  o f  results. I n  t h e  c a s e  of 
c a l c u l a t i n g  the  p o r t i o n  o f  p r o t o n s  o f  s o l a r  f l a r e s  and r a d i a t i o n  
bands o f  E a r t h ,  a r a d i a t i o n  method i s  used  [ 4 ]  and t h e  expres -  
s i o n  f o r  t h e  p o r t i o n  has t h e  form: 
where @--is t h e  f low of i n c i d e n t  r a d i a t i o n ,  K ( 6 ) - - i s  t h e  f u n c t i o n  
of weakening t h e  dose  f o r  a s i n g l e  f low o f  p r o t o n s  depending on 
t h e i r  spec t rum.  
I n  p r a c t i c e ,  t h e y  compute D = “r, 4.7 K(si)An(si), where 1492 
m , - I  
t i l  
A Q ( s i )  = A A m ( S i )  and t h e  s m a l l e r  t h e  s o l i d  a n g l e  of a s i n g l e  
1’1 
measurement of Am, t h e  more d e t a i l e d  i s  t h e  nonuni formi ty  o f  
d i s t r i b u t i o n  o f  t h e  mater ia l  of  t h e  equipment c a l c u l a t e d .  When 
the re  i s  a l i m i t a t i o n  on t h e  a c t i v i t y  o f  t h e  gamma s o u r c e  and a t  
a p r e s c r i b e d  s t a t i s t i c a l  p r e c i s i o n  o f  u n i t  measurements,  t h e  t o t a l  
l e n g t h  o f  t h e  measurement i n  l i m i t s  o f  47~ i s  p r o p o r t i o n a l  t o  A u - ~  
s o  t h a t  t h e  t e c h n i c a l  s o l u t i o n  i s  a compromise between t h e  r e a d i n g  
s i z e s .  Wi th  t h e  g i v e n  arangement ,  t he  r a d i u s  o f  t h e  s p h e r i c a l  
s u r f a c e  R = 3 m ,  t h e  d imens ions  of t h e  c o l l i m a t e r  a p e r t u r e  o f  t h e  
d e t e c t o r  amounts t o  2 . 1  X 3 cm, t h a t  i s ,  AOJ = 0 . 7  s tera-  
d i a n t s ,  t h e  s o u r c e  C s 1 3 7  r a d i o a c t i v i t y  50 mg e q u i v .  Ra, A T  = 
0.07 s and t h e  co r re spond ing  l e n g t h  o f  measurement i n  t h e  s o l i d  
a n g l e  i s  4 ~ - 3 0  h o u r s .  
? 
Cons ide r ing  t h e  form of  K ( 6 )  [ 3 ,  4 1  and t h e  form of  d i s -  
t r i b u t i o n  A n  [l, 2 ,  41, one can  s t a t e  t h a t  t h e  e r r o r  of c a l c u l a t e d  
v a l u e s  of t h e  dose  b a s i c a l l y  invo lves  e r r o r  i n  measurement of  
small t h i c k n e s s e s .  With t h e  i n d i c a t e d  t e c h n i c a l  pa rame te r s  o f  
t h e  a r r angemen t ,  s t a t i s t i c a l  e r r o r  o f  u n i t  measurement of  
3 
thickness 1 g/cm2 amounts to = 5%. However, statistical error 
of measurement of distribution of A Q  can be decreased by methods 
which are used when processing equipment of the gammaspectra[g]. 
Another source of error is recording radiation scattered by 
sections of the equipment adjoining those considered. In spite 
of positioning the detector in a collimator and the use of 
amplitude discrimination of pulses, the accumulation of the 
indicated scattered radiation can reach 10%. 
However, as the calibration one can use the relationship 
of the detector readings to the standardized thickness obtained 
with the presence of a scattered layer. In this case, the error 
will change the size depending on the actual thickness of the 
sections adjoining those being considered. Selection of thick- 
ness of the scatterd layer is determined by the minimum thick- 
ness of the equipment. For example, with minimum thickness 
1 g/cm2, the use of a scattered layer 5 g/cm2 results in an 
error of - +0.25 g/cm2 in the range of measured thicknesses 1-- 
10 g/cm2. 
Error, caused by nonuniformity of thickness within the 
limits of the section considered and shifting of the detector 
in time for a single measurement, can be estimated knowing the 
character of distribution of nonuniformity or after obtaining 
distribution of A f l .  The span of sections considered and spaces 
between them can be sources of error in the described arrangement; 
they amount to = 6% and cause hardly any distortion of distri- 
bution. On the whole, measurement error of thickness amounts to 
- +0.3 g/cm2 with thickness 1 g/cm2 
thickness is 10 g/cm2. The simplest methods of increasing pre- 
cision of measurements is increasing their duration. Using the 
indicated arrangement, distribution of thicknesses f o r  a number 
of spacecraft were obtained. As an example, Figure 2 shows 
distribution of thicknesses of a Kosmos-690 biosputnik for 
points distributed in the area where animals are located [lo]. 
and - +0.5 g/cm2 when the 
4 
F i g u r e  2 .  D i f f e r e n t i a l  d i s t r i b u t i o n  of  s o l i d  a n g l e s  
a c c o r d i n g  t o  t h i c k n e s s .  
5 
